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Objective: To describe a novel technique, named “clover,” to correct complex
post-traumatic tricuspid valve lesions.
Methods: Five patients with severe post-traumatic tricuspid insufficiency underwent
valve reconstruction with the clover technique, a new surgical approach that consists
of stitching together the middle point of the free edges of the tricuspid leaflets,
producing a clover-shaped valve. The mechanism of tricuspid regurgitation was
complex in all patients, and right ventricular function was always moderately to
severely depressed. An echocardiographic study was performed after cardiopulmo-
nary bypass, at discharge, and at follow-up.
Results: Cardiopulmonary bypass time was 32  6.3 minutes and crossclamp time
was 23  7.4. There was no hospital mortality or morbidity. Intraoperative trans-
esophageal and predischarge transthoracic echocardiography showed perfect results
in all patients. No late deaths occurred. At the latest follow-up, extending to 14.2
months (mean 11.3; median 12.4), all patients were asymptomatic (New York Heart
Association class I) with trivial (2 patients) or no residual regurgitation (3 patients)
on 2-dimensional echocardiogram. No transvalvular gradient was revealed in any
patient. A significant reduction of the right ventricular end-diastolic dimensions was
noted as well (from 54  7.1 mm to 40  7.5 mm, P  .001).
Conclusions: In this preliminary experience, the clover technique increased the
feasibility of tricuspid valve repair in case of severe traumatic tricuspid valve
insufficiency, leading to very satisfactory mid-term results even in the presence of
complex lesions or dilatation and deterioration of the right ventricle.
Tricuspid regurgitation is a rare complication of blunt chest trauma.This lesion is often not promptly diagnosed because of its subtleclinical manifestations at first and the presence of associated injuriesin multiple trauma. Therefore, even though around 120 cases havebeen reported so far in the literature, its real prevalence is probablyunderestimated.
The majority of patients described have been treated with valve replacement but,
more recently, repair of the native valve is emerging as the treatment of choice.
In 1996 we reported our initial experience in this field, describing 5 cases of
post-traumatic tricuspid regurgitation treated with valve repair by means of classic
Carpentier’s techniques.1
In this article we report 5 more cases of valve repair for post-traumatic tricuspid
regurgitation performed with a novel technique named “clover,” which has not been
described previously.
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Material and Methods
Patients
From July 2001 to February 2002, 5 patients with post-traumatic
tricuspid insufficiency underwent valve reconstruction with the
clover technique. All had a history of blunt chest trauma secondary
to motor vehicle accident. Thoracic trauma was isolated in one
case, while the others had multiple injuries. The interval between
trauma and operation ranged from 5 to 25 years. Symptoms in-
cluded palpitations, dyspnea, and fatigue. Two patients were in
New York Heart Association (NYHA) class II and 3 were in class
III. The more common physical findings were jugular vein disten-
sion, peripheral edema, hepatic congestion, and a systolic murmur
that increased with inspiration. On admission the electrocardio-
gram showed sinus rhythm in all patients. The diagnosis was made
in all cases by transthoracic followed by transesophageal Doppler
echocardiography.
The preoperative patient data and the mechanism of tricuspid
regurgitation are detailed in Table 1. Some degree of right ven-
tricular overload was present in all patients (mean right ventricular
end-diastolic dimension 54  7.1 mm, range 44 to 63 mm). Right
ventricular function was moderately to severely depressed in all
patients.
Surgical Technique
A median sternotomy was performed and, after aortobicaval can-
nulation, cardiopulmonary bypass was instituted at mild hypother-
mia. The aorta was crossclamped and cold blood cardioplegia was
delivered antegradely. The tricuspid valve was exposed trough a
conventional oblique right atriotomy. The valve anatomy and
mechanism of regurgitation were assessed. In all patients, the
anterior leaflet of the tricuspid valve was completely or partially
flail as a result of chordal rupture (3 patients) or rupture of the
anterior papillary muscle (2 patients). A posterior leaflet prolapse
was associated in 3 cases, whereas 1 patient had concomitant
restricted motion of the posterior and septal leaflet due to the
tethering effect produced by the severe right ventricular dilatation.
Annular dilatation was always present.
The new surgical approach that we adopted consists of stitching
together the middle point of the free edges of the tricuspid leaflets,
producing a clover-shaped valve (Figures 1 and 2). In all cases a
5.0 polipropylene suture without pledgets was used. A Carpentier
tricuspid ring (number 36) was always implanted to correct the
annular dilatation and deformation and stabilize the repair, pre-
venting further dilatation.
In all cases, following the correction, saline was injected into
the right ventricle to test valvular competence. Additionally, dur-
ing rewarming, the tricuspid valve function was evaluated by
transesophageal echocardiography.
Follow-up
Before discharge, all patients underwent control transthoracic
echocardiography. Diuretics were prescribed at discharge together
with oral anticoagulation, which was taken for 3 months after the
repair. At follow-up, extending to 14.2 months (mean 11.3; median
12.4), all patients were in NYHA class I. All were submitted again
to echocardiographic study.
Statistical Analysis
The results are expressed as means  standard deviation. Statis-
tical significance was obtained by 2-tailed paired t test for contin-
uous variables.
Results
Intraoperative direct inspection of the tricuspid valve and
assessment of the mechanism of regurgitation confirmed the
preoperative echocardiographic findings. Cardiopulmonary
bypass time was 32 6.3 minutes and crossclamp time was
23  7.4 minutes. All patients survived the operation and
were discharged within 6 days after an uneventful postop-
erative course. Intraoperative transesophageal and predis-
charge transthoracic echocardiography showed perfect re-
sults in all patients. No late deaths occurred. At the latest
follow-up, all patients were asymptomatic (NYHA class I)
with trivial (2 patients) or no residual regurgitation (3 pa-
tients) on 2-dimensional echocardiogram. No transvalvular
gradient was revealed in any patient. A significant reduction
of the right ventricular end-diastolic dimensions was noted
as well (from 54  7.1 mm to 40  7.5 mm, P  .001). All
patients returned to their preoperative occupation.
Discussion
In this article we report our preliminary experience with a
new surgical technique, named “clover technique,” for re-
pair of traumatic tricuspid valve insufficiency. To the best of
our knowledge, the clover technique has not been described
TABLE 1. Patient data and mechanisms of post-traumatic tricuspid regurgitation
Patient Sex
Age
(years)
Time lapse
from trauma
(years) TR AD
Chordal
rupture
Papillary
rupture ALP PLP
RVEDD
(mm)
1 F 75 25 4     63
2 M 27 6 4  anterior   44
3 M 31 5 4     52
4 M 42 12 4  anterior  53
5* M 35 11 4    58
AD, Annular dilatation; ALP, anterior leaflet prolapse; PLP, posterior leaflet prolapse; SL, septal leaflet; TR, tricuspid regurgitation.
*In patient 5 a posterior and septal leaflet-restricted motion was present as well.
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previously. In this series, such a novel approach, success-
fully applied in 5 patients, increased the feasibility of tri-
cuspid valve repair in this difficult setting, leading to very
satisfactory mid-term results even in presence of complex
lesions or dilatation and deterioration of the right ventricle.
Traumatic tricuspid rupture presumably involves a sud-
den increase of the right ventricular intracavitary pressure
during the isometric systolic phase, when the heart is full
and the valve is closed.2 The frequency of this disease is
probably underestimated because isolated chronic tricuspid
regurgitation is usually well tolerated and most patients
experience few or no symptoms after trauma.3 Because of
its subtle clinical course, in most cases progressive dilata-
tion of the tricuspid annulus occurs and right ventricular
dilatation and dysfunction eventually develops before sur-
gery.
During the past decade more patients with traumatic
tricuspid rupture have benefited from valve repair as a result
of improved surgical techniques, widespread use of intra-
operative echocardiography, and general agreement that
valve repair, when feasible, should be superior to valve
replacement. Indeed, in the tricuspid position, both mechan-
ical and biological prostheses have been proven to provide
less than satisfactory results with a high incidence of com-
plications.4 Considering that patients with post-traumatic
tricuspid regurgitation are usually young and active, valve
repair seems to be the best option. It avoids prosthesis-
related complications and the need for long-term anticoag-
ulation, preserving the geometry and function of the right
ventricle.
Traditionally, the operative technique has been dictated
primarily by the specific anatomical lesions encountered at
the time of surgery. The most frequently reported injury is
chordal rupture (55% of the cases), followed by rupture of
the anterior papillary muscle (27%) and tear of the leaflets
(15%). Annular dilatation, secondary to right ventricular
enlargement, is usually present and contributes to the wors-
ening of the regurgitation. Chordal shortening, sometimes
associated with leaflet retraction in the absence of evident
rupture, has been described as well.
Several surgical techniques have been used tailored to
the specific patient. Artificial chordal implant, quadrangular
resection of the flail segment, or chordal transposition have
been suggested in presence of chordal rupture, allowing a
successful repair in about 45% of the cases. In presence of
papillary muscle rupture, muscle reimplantation was ac-
complished in 45% of the reported patients, but significant
residual regurgitation after surgery was not unusual. Indeed,
the result of papillary muscle rupture repair depends very
much on the correct site of reimplantation, which is not
always easy to identify considering that a minimal displace-
ment can cause significant distortion of the valve and con-
sequent regurgitation. These conventional reconstructive
procedures, besides being technically demanding and some-
Figure 1. Surgical steps of the clover technique.
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times not suitable because of the flimsy nature of the tri-
cuspid apparatus,5 often lead to suboptimal results. In trau-
matic tricuspid regurgitation, the presence of multiple
lesions, progressive dilatation, and deterioration of the right
ventricle and the contracted state in which the chordae
tendineae and the involved leaflets are frequently found tend
to preclude valve repair with classic techniques.
Indeed, by using traditional anatomical reconstructive
approaches, several unsuccessful attempts at papillary mus-
cle and chordal repair, followed by tricuspid valve replace-
ment, have been reported.
Richard and coworkers6 described 9 patients with trau-
matic tricuspid regurgitation, mainly due to anterior papil-
lary muscle rupture, who underwent surgical correction.
Valve repair was performed just in 1 case, whereas the
remaining 8 patients had to undergo tricuspid valve replace-
ment.6
Holper and colleagues7reported on 5 patients operated on
for traumatic tricuspid insufficiency. The mean interval
from trauma to surgery in their series was 13.2 years and the
mean preoperative NYHA class was 2.9. Intraoperatively all
patients showed rupture of the anterior chordae tendineae, 1
patient had multiple ruptures of the leaflets and of the
anterior papillary muscle, and all tricuspid valves showed
massive annular dilatation. A primary valvular reconstruc-
tion was undertaken in 3 patients, of which only 1 was
successful. Eventually, 4 tricuspid valves had to be re-
placed, 3 with a bioprosthesis and 1 with a mechanical
valve.7
In the Mayo Clinic experience, 13 patients with trau-
matic tricuspid insufficiency were treated surgically. Repair
was considered feasible in 5 cases (38%), whereas in the
remaining 8 (62%) the valve was replaced.8
These data confirm that correction of long-standing post-
traumatic tricuspid regurgitation by conventional recon-
structive methods is not always feasible or is associated
with significant residual valve incompetence. This is con-
sistent with our own previous experience, already reported,1
and related to 6 cases of severe post-traumatic tricuspid
regurgitation treated by using conventional reconstructive
surgical techniques (implant of artificial chordae, papillary
muscle reinsertion, commissuroplasty). Some degree of
right ventricular overload was present in all patients (mean
right ventricular end-diastolic diameter 52  13.8 mm,
range 30 to 60). The cardiopulmonary bypass time was 64
 15.4 minutes and the ischemic time 34  12.7 minutes.
Although tricuspid insufficiency improved after surgery in
all patients, at a mean follow-up of 29  10.1 months, only
1 patient had no residual regurgitation, whereas valve in-
sufficiency was mild in 2 cases (1), moderate in 1 (2),
and moderate-severe (3) in the remaining 2.
Figure 2. Intraoperative transesophageal view of the clover-shaped tricuspid valve after repair.
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We believe, due to the huge right ventricular dilatation
resulting from long-standing tricuspid regurgitation, that
tethering of the leaflets occurred following anatomical re-
pair, leading to inadequate coaptation.
Because of such suboptimal results, a novel surgical
approach, allowing a functional rather than anatomical re-
pair, was conceived and adopted in this context. The appli-
cation of the clover technique allowed the restoration of a
perfect competence of all the tricuspid valves treated, even
in presence of complex lesions and huge right ventricular
dilatation.
Moreover, this surgical approach seems to be potentially
effective in any type of tricuspid insufficiency due to com-
plex mechanisms such as prolapse or flail of multiple leaf-
lets and retractile lesions associated to severe annular dila-
tation: the perfect results accomplished in 2 more patients
with severe tricuspid incompetence due to degenerative
disease, recently submitted to this repair in our unit, seem to
confirm this impression. We are aware that the small num-
ber of patients treated so far does not allow strong statistical
support of the effectiveness of this technique and that a
longer follow-up is necessary to evaluate the durability of
the procedure; nevertheless, in this preliminary series, val-
vular competence was always restored and the repair was
never restrictive. We therefore regard the clover technique
as an easy, rapid, and effective approach to correct post-
traumatic tricuspid regurgitation and, potentially, as a con-
venient option in the presence of complex tricuspid valve
lesions associated with right ventricular enlargement/dys-
function due to long-standing chronic volume overload.
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